Spherical C/Li 4 Ti 5 O 12 anode powders were prepared by spray pyrolysis with aqueous solution. The particle characteristics of C/Li 4 Ti 5 O 12 powders were determined by SEM, XRD and DTA-TG. C/Li 4 Ti 5 O 12 anode powder had a spherical morphology with non aggregation and porous structure. The carbon content was around 13 wt%. XRD analysis revealed that the spinel phase was obtained by heating at 750 °C under N 2 atmosphere. The discharge capacity of C/Li 4 Ti 5 O 12 was 160 mAh/g at 1C. That of C/Li 4 Ti 5 O 12 decreased to 90 mAh/g at 20 C. 96 % of initial discharge capacity was maintained at 1 C after 100 cycles. 85 % of it was maintained at 20 C after 300 cycles.
INTRODUCTION
Recently, lithium ion batteries are expected as the energy storage for electric vehicles (EVs) and hybrid electric vehicles (HEVs), the load leveling of photovoltaic power generation. Various types carbons [1] [2] [3] [4] [5] [6] has been used as an anode material because they has better safety characteristic and long life of cycle compared with lithium metal. It was known that the the dendrite was formed on the carbon anode during the high rate charging. The solid electrolyte interface (SEI) layer on the carbon anode, which is usually formed at the potential below 0.8 V and accompanied over time with active lithium loss, an increase in impedance and a decrease in rechargeable capacity, cycle life of lithium ion batteries.
For an application of EVs and HVs, the oxide type anode material is expected because of better safety. Spinel type Li 4 Ti 5 O 12 (denoted as LTO) has been demonstrated as an alternative anode material because it has a very flat potential plateau at around 1.5V and exhibited excellent cycle life due to the structure stability in the rechargeable process. However, the disadvantage of LTO for anode was low electronic conductivity because LTO was ionic crystal with insulation. To improve the electric conductivity of it, the metal ions such as V [12] [13] [14] is added to LTO particles. Especially, the addition of carbon is effective for the improvement of electrochemical properties. It was well known that the solution techniques such as spray drying, sol-gel enabled to homogeneously dope the carbon to LTO powders [15] [16] [17] .
We have been noted spray pyrolysis technique among them. The spray pyrolysis easily leads to the addition of foreign metal to cathode powders such as LiMn 2 O 4 at one step for short time. It was reported that C/LiFePO 4 cathode prepared by spray pyrolysis improved the rechargeable properties of it [18] . Ju et al applied the spray pyrolysis to the preparation of LTO anode powders. They have been reported that C/LTO powders derived from spray pyrolysis exhibits higher rechargeable capacity and good cycle performance [19, 20] . However, in LTO anode, it has been not clear that C/LTO have higher rechargeable capacity at the high rate. In this work, titanium (IV) bis (ammonium lactate) dihydroxide (denoted as TALH) was newly used as a titanium oxide precursor for spray pyrolysis. When TALH is pyrolyzed less than 600 °C, the carbon is doped in LTO powders. In this paper, the powder characterization and electrochemical properties of C/LTO anode materials synthesized by spray pyrolysis were described in detail.
EXPERIMENTAL
LiNO 3 and TALH were used as starting materials. LiNO 3 and TALH were weighted out to attain the molar ratio of metal components (Li:Ti) of 4:5 and were dissolved in distilled water to prepare aqueous solutions of 0.1 mol/dm 3 . Carbon source such as citric acid was added to the molar The mist of aqueous solution was generated with ultrasonic atomizer (1.6 MHz) with 0.083 dm 3 /s of air carrier gas. The pyrolysis temperature was 450 and 600 °C. As-prepared precursor powders were corrected by the cyclone. Furthermore, as-prepared precursor powders were heat-treated at 750 °C for 0.5 hr in furnace under a nitrogen atmosphere.
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The morphology and microstructure of as-prepared powders were determined with a scanning electron microscope (SEM, JEOL, JSM-6390). Specific surface area (SSA) of as-prepared powders was measured by BET method using N 2 adsorption (SSA, BEL, BELSORP-miniII).
The crystal phase of as-prepared powders was identified by powder X-ray diffraction (XRD, Shimadzu, XRD-6100). The thermal decomposition behavior of as-prepared powders was observed by the differential thermal analysis (DTA) and the carbon content was determined by thermogravimetric analysis (TG) (DTA-TG, Shimadzu, DTG-60) the under the air at the heating rate of 5 °C/ min. The rectangular compact of C/LTO powders was sintered at 600 °C. The electrical conductivity of sintered body was measured by DC four-probe method.
The electrochemical measurements were examined using an R2032 coin cell. The prepared C/LTO powders were mixed acetylene black and a polyvinyliden difluoride powder binder in the weight ratio of 80 : 10 : 10 to make a N-methy1-2-pyrrolidinone solution slurry. The prepared slurry was then coated on an aluminum foil using a doctor blade and dried under vacuum at 100°C for 24 hr. Metal lithium (Honjo chemical) was used as the counter electrode. The polypropylene sheet (Heist, celgard 2400) was used as a separator. 1 mol/dm 3 LiPF 6 in ethylene carbonate /1, 2-dimethoxyethane (EC:DEC = 1:1, Tomiyama pure chemical) was used as the electrolyte. The cell was built up in globe box under an argon atmosphere. The rechargeable capacity and cycle stability of C/LTO anode was measured with a battery tester (Hosen, BTS2004) at between 1.0 V and 2.5 V. Figure 1 shows typical SEM photographs of as-prepared C/LTO powders obtained by spray pyrolysis. SEM showed that C/LTO powders had spherical morphology with smooth surface and non-aggregated. SSA of as-prepared C/LTO powders determined by BET method was 51.3 m 2 /g. That of C/LTO powders decreased 24.7 m 2 /g after the calcined at 750°C. Figure 2 shows the particle size distribution of as-prepared C/LTO powders. The particle size ranged from 0.3 µm to 2.3 µm. The average particle size and geometrical standard deviation of C/LTO powders was about 1 μm and 1.4, respectively. It was found that they had relatively broad size distribution. Figure 3 showed XRD patterns of as-prepared C/LTO powder. The two crystal phase of LTO and rutile type TiO 2 was observed. The crystal phase of LTO was well crystallized to spinel (Fd3m) by heat-treatment under N 2 atmosphere. However, a rutile type TiO 2 phase was slightly still observed in the C/LTO powders calcined at 750°C. powders after the calcination. Three exothermic peaks were observed in DTA curve. These peaks corresponded to the crystallization of rutile (400 °C) and LTO (480 °C) and the volatilization (520 °C) of carbon respectively. A weight loss of C/LTO powders was about 13 wt% at 600 °C in TG curve. The carbon content in C/LTO powders was 13 wt%. Figure 5 shows the rechargeable curves of C/LTO anode from 1 C to 20 C. The discharge capacity of C/LTO anode was about 160 mAh/g at 1C and corresponded to 90 % of theoretical capacity (175 mAh/g). The discharge capacity of C/LTO decreased to about 100 mAh/g with increasing up to 20 C. It was observed that a difference of voltage between charge and discharge increased with increasing the rate. This suggested that the impedance of C/LTO anode became high.
RESULTS AND DISCUSSION
The electrical conductivity of carbon-free LTO was 10 -9 S/cm, but that of C/LTO was 10 -7 S/cm. The electrical conductivity increased two orders of magnitude by adding carbon. It was clear that the electrical conductivity of C/LTO particles could be enhanced because of the existence of carbon in the particles. Figure 6 shows the relation between the retention ratio of C/LTO anode for theoretical capacity and discharge rate. That of C/LTO anode was 90 % at 1 C. The retention ratio decreased with increasing the discharge rate. That of C/LTO anode decreased to 58 % at 20 C. Figure 7 shows the relation between cycle number and discharge capacity of C/LTO anode from 1 C to 20 C at 25 °C. The rechargeable test was carried out up to 100 times at 1C and 300 times at 5C, 10C and 20C, respectively. It was clearly shown that C/LTO anode had excellent cycle stability at each rate. The discharge Cycle number / n •：25°C ○：50°C Fig.8 Relation between cycle number and discharge capacity at 25 °C and 50 °C capacity was maintained over 90% of its initial discharge capacity after 100 cycles at 1 C. The discharge capacity decreased to 123 mAh/g, 112 mAh/g and 103 mAh/g at 5 C, 10C and 20C, respectively. However, they maintained 96%, 93% and 85% of its initial discharge capacity after 300 cycles. Figure 8 shows the relation between cycle number and discharge capacity of C/LTO anode at 25 °C and 50 °C. The rechargeable test of coin cell was examined up to 100 cycles, while it was heated on the hot plate which was kept to 50 ºC. The rechargeable rate was 1 C. The initial discharge capacity of C/LTO anode at 50 °C was closed to that of C/LTO at 25 °C. The discharge properties of C/LTO anode had excellent cycle stability at 50 °C as well as 25 °C. The retention rate of discharge capacity was 84%. Nakahara et al reported [21] that the rechargeable capacity and cycle stability of C/LTO anode at 50 °C was superior to that at 25 °C. This may be resulted in that electric conductivity of C/LTO is raised at 50 °C.
CONCLUSION
C/LTO anode powders were prepared by spray pyrolysis using aqueous solution of LiNO 3 and TAHL. They had a spherical morphology and non-aggregated with the average particle size of 1.0 μm. After calcination, the spinel phase and rutile phase were observed in C/LTO powders. The dischargeable capacity of C/LTO anode was 158 mAh/g at 1C. The recharge capacity decreased with increasing the charging rate, but the stability of cycle performance was maintained. The cycle stability of C/LTO anode was also kept at 50 °C.
